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Description 

[0001] "Rie invention relates to a detormable tube. 
[0002] R is known from US patent specrt cabocts Noa. 
3.353.599 and 5.014.779 to insert a comjQHtBd lube 
into tie weDxxe of an underground borehole and to 
expand the tube oownhoto into a tubular shape. 
[0003] US patent specfication No 5.366,012 c%- 
doses the expansion of a dotted pipe of Mich the state 
open up as a result of the expansion so as to reduce the 
radial forces needed to expend the pipe. 
[0004] The use of slotted or initialy corrugated pipes 
has the dfeadvarrtage tat the expended pipes have a 
timfted mechankal strength. 
[0005] lrttematk)rialpatemappice^ 
WO 9G/00G26 discloses the axpansJon of en unstoced 
cyfindrical pipe by means of ari expa/won mandrel. 
[0006] A disadvantage of tie latter expansion method 
is t*t lorcea to expand the pipe are retetivery Ngh and 

sss. 

[0007] It is an object of the present invention to aHeri- 
ata the dtead vantages of the known techniques and to 
provide a robust and detorrnaWe tube which can be 
expanded or otherwise deformed by using a relatively 
low defo rm ation force. 

SujTlTffigY 01 ttM Invention 

[0008] The deformaWe tube according to the invention 
thereto comprises a wal which is at least party formed 
by a number of tubules, wherein at least onetjbuleisat 
least partly deformed in response to deformation of the 
tube. 

[0009] Trwdeiormatnnrr^krwolve 
change of the tubular shape of the tobutes, which 
requires prindpaffy bending forces which ere sign«- 
cantty tower than the tension forces that are required to 
expand a tubular cyGrxlrical pipe. 
[0010] It may be required to obtain a tube which can 
bo deformed Gasify in en axial or in a radial reaction or 
in both ejections. A ratfiaJfy defonrable tube is useful if 
the tube is for example to be used as an oiandtorgas 
prorJuctfm tubing which Is to be Ineerted into a relatively 
narrow and Irregutarty shaped underground weftxr * 
An axialy c^fcwmable tube is useful if the tube is a pro- 
duction Iner or tub^. a weB casing c<o^ 
which is installed in a ccmpacfing reservoir where there 
is a risk of bucking of the wej tubulam as a result of ttie 
compaction process. 

[0011] rl a radWydefcxmattetiM is reqi^rtrs pre- 
ferred thatthewaDoftwtubeisat teast party formed 
by a series of axial tubules which each extend in a (frac- 
tion substantially parallel to a longitudinal axis of the 
tube such that upon a racial deformation of the tube the 
axial tubules are at least party deformed. 



[0012] If an axtafty detxmatxe tobe is required ( is 
preferred ttatthewaOof^elubeisatleasl partly 
formed by a series of toroidal tubules which extend in a 
6ub6tanfiafrydrculardirectkxia 
s of the tube such that upon axial defor ma tion of to tube 
the torotfal tubules are at least party flattened or other- 
wise deformed. 

[0013] B a tube is required which is both axiafly and 
radiafy deformatxe. it Is preferred that the wal of the 

ro tube is at least party formed by one or more heical 
tubules which extend in a substantialy helical direction 
will respect to a tongftucinal axis of the tube such that 
upon deformation of the tube in a cfireceon which is ori- 
ented at an angle relative to a fongrtudnal direction of 

is each of t*e helical tubules, at least one of the natal 
tubules is deformed. 

[0014] ThetutxJes may be made of a metal, plastic, 
rubber or other material and may be welded, brazed, 
bonded or otherwise secured to ad|acent tubules or 

» other parts of tie wall ofthe tube. 

[0015] The tubules may before expansion have a 
foUed, cylindrical efiptica! or prismatic shape and may 
as a result of the eaparsion be untoWed or flattened into 
an effiptical, cylindrical or prismatic chape. 

ss [0016] Suitably, the tubules contain at the outer 
periphery of the tube openings or weak spots which 
c^tpasaresunofthedeiorrrialjon process such that 
one or more fluids are squeezed from the interior of the 
tubules into the space surrounding the tube. 

30 [0017] In that case the fluids that are squeezed from 
the interior of the tubules may contain one or more 
chemicals, such as a chemical treatment fluid or com- 
ponents of a liquid cement slurry or components of a 
curing agent which corrponertts are onfy mixed when 

ss or after they have been squeezed out erf the tubules. 

[0018] The invwtion wai be described in more detail 
40 and by way of example with reference to the accompa- 
nying drawings, in which 

Fig. i is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a waft 
45 that is made of a series of axial tubules which are 
cylindrical before expansion and eliptical after 
expansion; 

Rg. 2 is a cross-axial sectional view of a tube both 
before and after expansion, wNch tube has a wal 

50 that cornprtses a series of axial tubules which are 
pr isma ti c before expansion and etlpbcal after 
expansion; 

Rg. 3 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wall 
55 that is made of a series of axial tubu)e6 which are 
efipfccal bofri b*oro and after wpansion; 
Fig. 4 is a cross-axial sectional view of a tube 
before expansion where the wall of the tube com- 
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prises a series of axial tubules and tie lube is 
folded into a substantially flat shape before it is 
unfolded and expanded; 

Rg. 5 is a tongituolnal sectional view of a tube 
which comprises a wal that is made of a series of 
toroidal tubJes; 

fig. 6 is an enlarged data! showing the cyfnoVical 
shape of three of the toroidal tubufee that are enco- 
ded in fig. 5; 

Fig. 7 is a longfturfnal sectional vie* of the tube of 
fig. 5 after axial compression of the tube; 
Fig. 8 is an enlarged dotal showing the eflpfca! 
shape of three cf the toroidal tubules that are enco- 
ded In Rg. 7; 

fig. 9 is a cross^axtal sectional view of a racEatty 
expandable tube co nprist nq six axiat or heCcal 
tubules both before and after expejisforiof thetube; 
fig. 10 is ■ aoss-axte) tactions) view of an unex- 
panded tube of writhe waBccfiprises a series of 
foided tubule* which ixrxid into a cyftndrical shape 
during the process of expanding the tube; 
Rg. 11 isa cross-Bxtal sectional view of another 
unexpended tube configuration where tho *afl com- 
prises a series of folded tubes which unfold into a 
cylindrical shape during the procx^ of expanding 
the tube; and 

fig, 12 is a cross-axial sectional view of an unex- 
panded tube which tokte open during trie expansion 
process and which cornprises a tubule which ads 
as a plastic hnge and which is Rattened as a resutt 
of tie expansion process. 

fWalftd descf ipfan d tha invention 

[0019] Fteferririgriow to fi*1 thereto 
inacyindricai wefeore or other cavtty 2, which tube 1 
has a waB that « made up of a aeries of axial Iubutee3 
which are substarrfiaily cyfirdrical before expansion of 
the tube 1 and etlfxJcal after expansion of the tube 1 to 
an eriarged olarneter. as liuarated by reference 
numeral 3B. 

10020] The tube 1 can be expanded by an expansion 
mandrel (not shown) or by increasing the hydraulic 
pressure title trlenor 4of1heajbe 1. As a result of the 
expansion process the tubule* 3 are subject to a bend- 
tng process so that relatively low forces are required. 
(0021) H the ajbules 3 are made of steel or another 
metal tian ft is preferred that the tubules 3 are sintered, 
welded or brazed together along the length of the areas 
5 where the tubules 3 touch each other. 
[0022] If the tubules 3 have an irnpermeable wal and 
the tube 1 is used terrporariry era the cavity 2. tor exam- 
ple to provide a temporary seal, then tr« 
radially contracted again by purnpfcrg a high pressure 
fluid into the interiors 6 of the tubules 3. which wi 
induce the flattened tubutes 3B to resume their tubular 
shape, so that the tube 1 radial shrinte and can be eas- 
ily removed from the cavity 2. 



(0023] tfthetubel is to be used permanently in the 
cavity 2, lor example 9 the tube 1 is to be used as awefl 
casing, then at least some of the tubules 3 may be Oed 
with bqud corrponents of a cement slurry or other cur- 

5 ng agent such as a silicone gel and tie outer wati of 
these tubules may contain openings 7, or weak spots 
which are opened as a result of the expansion process, 
via which said fiqukfctarponent s are s quee ze d Into the 
surrounding annular space 8 suictaxfing the expanded 

10 tube 1 and the Bquid conponertts mix up and cure to a 
hardened cement si icons or other cured sealing com- 
position. 

[0024] Rg- 2 iustratfes an artamaiive efTtxxfcment of 
the deferrable tube eccorcSng to the invention. TWs 
r5 tube 9 is also radtaDy cteforrnabte and cornprises a 
series of tubutes 10 which are prismatic before expan- 
sion and efflpdcaJ after expansion, as ■uBtretadbyreJer- 
ence numeral 10B. 

[0025] Theajbules 10 are arranged substantia^ par- 
x aleltothelortfudtoalaxisll at tie centre of the tube 
9. The tubules 10 are made of steel or another metal 
ard are correc t e d to each other by lonojt u di n af weidecl 
brazed or sintered bonds 1 1 . 
10026] fig. 3 shows yet another errtoaxment cf the 
2s deformatfe tube according to the invention. In which the 
tube 1 2 is racaafly cfc#orrnable and conpriseeaseriesof 
tubutes 1 3 wNch are efliptical before and whkii have an 
eliptfoal. abnost flattened shape after racfial expansion 
of the tube 12. 

so [0027] In this errt>oo5rriem the tubules 13 deform from 
a fist elliptical shape* iOustrated by reference numeral 
13A in which the largest width of tie efipticaf tubutes 
13A has a racial orientation into a second atactica! 
shape, «us*aisdbyre*ererx»numer^^^ 

» largest width erf the ettip^ 
tial orientatfon. 

(0028] ; Referring now to Rg. .4 there is shown a 
deformaWe^&e « which comprises a %eries of axial 
tubules 15. wherein two pairs of tubules at opposite 

40 sides of the tube 14 are interconnected by plastic 
hnges 16. These ptastic Nnc.es 16 alow the tube 14 to 
be stored and transported in a flattened shape e g. 
around a reeling drum (not shown). 
[0029] When tie tube 14 is then unreeled from the 

45 reeSng arum a can be brought into a cyindrical shape 
by a guide tunnel (not shown). I the tube 14 Is to be 
used inside a we! or inside another Ubutar the cyfindri- 
caJ tube 1 4 is then reeled into the wettw or tie interior 
of tie other tubular and expanded lor exanplebypurnp- 

50 mg a Wgh pressure fluid Into the interior 17 ofthetube 
14. 

[0030] The inrtiafly flattened tube configuration shown 
in fig. 4 allows an easy storage and fransport of the 
tube 14, eg. on a small diameter reeling drum, during 
$6 the rrtarxjfacturing stage and curing transport from the 
rnanutacturing site to the site where tie tobe14istobe 
used. 

[0031] figures 5, 6. 7 arid 8 show yet aro!her erra»d- 
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imert of the defcximtte tube accorrj ng to the invention 
in which the tubules ISA, B have a toroidaJ shape in 
order to make the tobe 19 axialy detormajble. 
[0032] The tube 19 shown in Rg. 5 can be a produc- 
tion iner in a coopering ofl or gas bearing formation, 
where as shown in detafl in Rg. 6 the toroidal tubules 
1 8A have a aubetantialy cytindricaJ shape. In theccnfig- 
uration shown in Rg. 7 the tube 19 has axaUy con- 
tracted so that its length is 18% shorter than its original 
length shown in Rg. & 

[0033] As a resutt of fx* axial contraction of the tUx> 
t9lha tubules 188 shown In Rg. 7 have t>een deformed 
into an eliptical shape, as is shown in more detail in Rg. 
8. 

[0034] Referring now to Rg. 9 there is shown a fei>e 
20 which is amended within a wett»re2i o^othercav- 
^ 

[0035] The tube 20 has a wall that comprises six 
tubules 23. 24. 25. 26. 27 and 28 which extend in an 
axial or helical coriOuration relative to the iongrtudlnal 
axis 29 of the tobe 20. 

[0038] Atflacem tubules 23. 24. 25. 28. 27 and 28 are 
interconnected along t>eir length by elongate welds 32. 
Plastic hinges 22 are located in the wafls of the tubules 
23-28 at both sides of each weld 32. 
[0037] The unexpanded tube 20 is shown at *» cen- 
tre of the drawing. Tne six unexpanded tubules 23-28 
each have the farm of a pie sector and only a mtoor gap 

30 la present between adjacent tubules 23-28. To 
expand the tube 20 a pressurized fluid is pumped into 
the gaps 30 which wffl induce the tube 20 to expand until 
the watts of the tubules 23-28 are stretched and/or the 
outer walte of the tubules 238-288 are pressed egainst 
the wellxxe21. 

[0038] The voajme-dhoert tube ccrtfguretxxi shown 
m Rg. 9 is attractive V frw tube 20 is to bo inserted toto 
the wedxxe 21 via a narrow excess, such as a small 
diameter production tubing. Furthermore the internal 
volume of the unexpended tubules 23-28 is relatively 
large whereas the internal volume of the expended 
tubules 23B-288 is relatively small so fiat H the walls at 
the outer circumf erence of the tubules 23-28 are perfo- 
rated or become during expansion cxherwfee fluid per- 
meable a relatively large volume of fluids is squeezed 
from the interior of the tubules 23-28 into the surround- 
ing amuhjs andtor formation. 
[0039] In this way a relatively large volume of a seeing 
agent and/or treatment laid can be injected into the 
annul us surrounrjng the tube 20 and/or the formation 

31 surrounding the wefeore 21 . 
[0040] TheextefT^yperrrieaJDletute 

able to infect treatment fluids into an underground for- 
mation 31 which comprises along the length of the 
weftxxo 21 layers of varying permeabirty. If the outer 
wals of the tubules 23-28 have a sig^ficanltyk^ftukl 
permeability than the surrounding tarnation 27, then, 
as soon as the outer wall of the tubules 22B-26B is 
pressed against the weJIbore 21. a relatively constant 



fiux of treatment fluid wS be squeezed into the various 
surrounrjng formation layers so that the rirtrjf ir?ec^ 
of freatment flux* mainly into the permeable formation 
layers and by-passing of less permeable layers Is mini- 
5 mixed. 

[0041] rf the tube 20 ts used ts a treatment fluid injec- 
tion tod then the outer wafls of the tubules 23-28 may 
be made of a permease rubber and/or a fabric and toe 
inner walls of the tubules 23-28 which face the interior 
io 30tfthetube30rnayben^c^anirnper^ 

ber. After b^ection of toe treatment flukls toe pressure to 
the rterior 30 of the lube 20 may be reduced so that the 
tobe 20 racfiairy contracts and can be removed from the 
borehole 

18 [0042] Instead of alowing the tfxs 20 to contract after 
flux* have been injected into the formation the tube 20 
may be afiowed to harden to the expanded position 
against the weflbore 21 by toaye g na flng the fabric or 
other material with a skwrfy curing epoxyrxotrter plastic 

jo compo si tion, so that the sotfcfihed tobe 20 then serves 
as a well finer. 

(00431 Thetube20aixJthetii>erjorf^^ 
in Rgs. 1 -4 may also have walls mat are made of a si eve 
material. In thai case the tube may be expanded by an 
25 expansion cone or by a balloon that is inflated in the 
interior of the tube. 

[0044] Since the sieve material that then forms (he 
wafls of tubules Is mainly bent and not or hardly 
stretched the sieve opening size wffl remain fairly con 
so stant during the expansion process. Tne expanded titoe 
of sieve material then serves as a f iter mat prevents 
sand and other goW materials to enter the wettxre 21 
[0045] The radialy expandable tube 20 and the other 
radafly expandable tube configurator* shown in Figs. 

of a fluid toperrneable material, such as steel which 
ody deforms if the pressure in the interior 30 of the lube 
exceeds a pre-set level to that case the tube may be 
instated as a production tubing which serves as a 

40 downhde blow-out preventer which expands and seals 
of the anraJus sunounding the production tubing if a 
blow-out occurs. The radially expandable tube configu- 
ration shown in Rg. 9 can also be used as a dril string. 
In that case dritSng mud is punped through the interior 

45 of the tubules 23A-28A during doling. At the end of a 
drfitog cycle higti pressure f Ud to Injected into toe Inte- 
rior 30 of the tube 20 go that the tube 20 te expended 
against the borehole wall 21 and farms a intog of the 
weflbore and the drffl bit and dowrthole rnotor assembly 

50 is puled to the surface by a wireline or colled fctoing 
passing through the interior 30 oi the tube 20 and also 
serves as an expansion cone, 
[0046] H only minor expansion of the tube it required 
then the wall of the tube may be provided with only one 

ss or a few axlai or rteocaJ tubUes. 

[0047] If the wals of the tube 20 or the other racially 
expandable ccrvlgurations are made of a rubber or 
other elastically deformaWe material then the expanded 
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tube may serve as a high expansion packer or bridge 

[0048] ft wil be understood that H the tixAee are ori- 
ented in an axial cVecoon a racially defcrmetio tube wi 
be obtained. V the tubiies are oriented in a cacumfaron- 
tia! fraction as shown in Figs. 5-6 then an axiaffy 
deforrnabie tube wil be obtained. 
[0049] H the tutxies are oriented in a hefccal direction 
the tube will be deformable both in axial and racial 
Directions and the pitch angje of the heBcal configura- 
tion of the nixies wil then influence the degree in 
*rt»ch the tuba is axialty or racfiaDy detxmaWa 
[0060] Rg. 10 8ho^acor^T^whereatube4O 
conprfees a waS that consists cf a series of axial ttda- 
btetixJes 41. 

[0051] H the tubules 41 are made of steel then twy 
are hteroonnected side by side along their length by 
axJal welds 42. Each tixie 41 oornprfeas at tie outer 
cro j mference of the fcbe 40 a engl» plastic hinge 43 
and at the finer drcurnterence of the tube 40 a set of 
four plastic hinges 44. 45, 46 and 47. Each of these 
plastic hinges 43-47 is formed by machining an axial 
groove in the inner and/or outer surface of the wal of the 
tubule4l. 

[0062] The set of tour ptasfcNnges 44-47 defines a 
wall segment where the tubules 41 can be folded 
inwardly to form a U- or delta-shaped recess 48 that 
faces the interior 49 of the tube 40. 
[0053] The tube 40 is expanded by punix^ 
rued fluid into the interiors 50 of the tubules 41 which 
causes the tubules to unfold by htogjng about the plastic 
hinges 43-47 so twt the tubules 41 each obtain a cylin- 
drical shape (not shown). 

[0064] Asaresuftoftheurifoti»igofthetubuies41the 
tube 40 obtains a larger external end internal dametar. 
[0065] Rg. 1 1 shows wxXher tube 51 which com- 
prises a wail that consists of a series of axial totefarJe 
tubules 52. 

[0056] ft the tubules 52 are made of steel then they 
are ttercomected side by side along their length by 
axial welds 53. Each tubule 52 comprises both at the 
outer and the inner circimiferenceof thetube51 a set of 
four plastic hinges 54 that are formed by machining 
axial grooves in the inner and/or outer surface of the 
wall of each tubule 52. 

[0057) Eachsetoflou^piastk;r*xjes54defnesawaI 
segment where the tubules 52 can be bided inwardfy to 
form a U- or delta-shaped recess 55 that faces either 
the exterior 56 or the interior 57 of tie tube 51 . 
[0058] The tube 51 is expanded by ptnpir^ a pressu- 
rized fluid into the interiors 58 of tie tubules 51 which 
causes the tubules 52 to untold by hinging about the 
plastic hmges 54 so that the tubules each obtain a cylin- 
drical shape (not shown). 

[0059] As a result of the unfolding of the tubules the 
tube 51 obtains a larger external and internal dwrneter. 
[0060] Rg. 12 shows a toidable tube 60 which com- 
prises at its lower side a single plastic hinge that is 



formed by an axiaf tubule 61 and at its upper side a set 
of four plastic rtnges 62 that are formed by rrsichining 
axial grooves in the outer or inner surface of the wall of 
tie tube GOl 

5 [0061] The four plastic ranges 62 define a derta- 
shaped recess 63 at the upper side of the tubs 60. when 
the tube fe In Is folded shape. 
[0062] The tube 60 is unfolded by pumpng a pressu- 
rized UukJ into the intenor 64 of tha tube 60. Thrs causes 

to the tube to unfold in the direction of tie arrows into the 
cytinoncai shape which is illustrated by the broken ines 
60A The tubule 81 then acts as a plastic hinge and 
obtains as a result of the unfolding of the tube 60 the 
elipbcal shape which is fitustratod by broken ines 61 A. 

15 [0063] The tubuie 61 is mode of a ptestcafty dctorm- 
able nriatartal. such as a formable rwjvsfrength low* 
aloy or dual phase steel grade, which also provides 
flexttfty to tie tube 61 In droartferentiaJ daacaon dur- 
ing the unfokfing procedure. After tie unfotcfing proce- 

20 dueaajringagertrriaybepunpedi^ 

of the efflpacaf tubuie 61 A to reinforce the tubule 61 A. 
The interior 65 of the tubule 61 may comprise electrical 
and/or hyorauic conduits for transmission of electric 
and/or hydraufic power and** annals along the length 

es ofthetube. 

[0064] The entxxfiments of the deformable tube 
shown "n the drawings provide a tube which can be 
deformed easily and which can be reeled on e reefing 
drum. The tube can be unreeled from the drum and 

so rijected into an underground borehole or other cavity in 
which the tube is to be used. The tube is eubsecajerrtly 
deformed Inside the borehole or other cavity by criang- 
ing tie tubular shape of one or more tubules in the wall 
of the tube. The deformation may involve flattening. 

as ureoU^orotierdeformat^ 

Claims 

1. A deformable tuba having a wall which is at least 
40 partly formed by a number of tubules, wherein at 

least one tubule is at least partly deformed in 
response to deformation of the tube. 

2. - The deformable tube of daiml. wherein theweJof 
45 the tube is at least party formed by a series of axial 

tubules which each extend in a tfrection substan- 
tially paraflai to a kxigjtucfina] axis of the tube such 
tiat upon a radial deformation of the tube the axial 
tubules are at least party deformed. 

so 

3. The deformable tube of claim 1 , wherein the wal of 
tie tube is at least partly formed by a series of toroi- 
dal tubules which extend in a substanbaly circular 
direction around a longitudinal axis of the tube such 

65 that ipon axial deformation of Ihe tube the toroidal 
tubules are at least party deformed. 

4. The deformable tube of claim 1. wherein the wal of 
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the tube is at least party formed by one or more 
hetal tubules wtich extend in a subetantialiy hofc- 
caJ direction with respect to a tongrtucSnal axis of 
the tube such that upon delumtition of tne tube in a 
dkection which Is oriented al an angle relative to a 5 
longitufnaJ olfaction of each of the helical tubules, 
at least one of tie hefical tubutes la at toast party 
deformed. 

5. ThedeforTmbietubeofdajml.wher^ « 
the tube Is at least party formed by a number of 
substa rtia fly paraM tubules which are arranged 
side by side and are connected to each other. 

6. The defarmatte tobe of claim 5, wherein the « 
tubutss ara made of metal and the sides of spaa of 
aclacente^es substantially touch each other and 
are stTtared. welded, spot welded, braze* bonded. 

or otherwise secured to each other. 

JO 

7. The detormable tube of claim 5. wherein the 
tubules are made of a plastic or etastomeric mate- 
rial or a fabric and the sides of aojacent tubules 
substantially touch each other and are bonded to 
each other. 25 

8. The detormable tube of daim 1, wherein before 
deformation of the tube the tubules haveasubstan- 
tiafy cylindrical shape and deform into a substan- 
tiaty eflpecal or flattened shape in response to x> 
deformation of the tube. 

9. The detormable tube of dam 1. wherein before 
deformation of the tube the tiibuleslia*easubstan- 
tiafy prismatic shape and deform into a sutostan- x 
tjaly flattened shape In response to deformation of 
the tube. 

10. The detormable tube of daim 1. wherein the 
tubules contain at the outer periphery cf the tube <o 
openings or weak spots which open up asaresut 

of the deform ati on process such that one or more 
fluids are squeezed from the interior of the tubules 
into t>e space surrounding the tube. 

45 

11. ThedefbnTMbtetaeofdaJmlO.whe^ 

that are squeezed from the interior of the tubules 
contain one or mora chemicals, such as compo- 
nents of a liquid cement slurry, compona * of a 
curing agent or a chemical treatment fluid so 
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